An 11-year-old Quarterhorse mare developed a paranasal sinus osteoma that extended into the right orbit and led to ipsilateral exophthalmia. Although the tumor was radiographically evident in the paranasal sinuses, ultrasonography was used to demonstrate extension of the tumor into the retrobulbar space, and endoscopy was used to identify its extension into the nasopharynx. Biopsies were obtained using both fine-needle aspiration and paranasal sinus trephination. Despite numerous antemortem diagnostic tests, only postmortem histologic analysis of the mass afforded the diagnosis of osteoma.
was shallow relative to the left. Funduscopic examination revealed moderate optic nerve atrophy and a subalbinotic fundus. Differential diagnoses at this time included retrobulbar neoplasia, abscess, fungal granuloma, cyst, or hematoma. Skull radiographs revealed a soft-tissue mass occupying both the right maxillary sinus and right nasal passage. Results of an ultrasonographic examination of the right eye, performed using a transpalpebral approach and a 5-MHz sector probe, revealed only a relatively elongated retrobulbar cone. There was no discrete evidence of a retrobulbar mass at this time.
A complete endoscopic examination of the mare's right nasal passage was precluded by luminal attenuation from conchal swelling at the mid-to-caudal aspect of the nasal passages. However, endoscopic examination via the left nasal passages revealed a smooth, slightly hyperemic mass at the caudal aspect of the right nasal passage system, protruding ventrally from the right ethmoturbinate area (Fig. 2 ). Mild purulent exudate was evident, draining from the area occupied by the mass. Endoscope-guided fine-needle aspirate (FNA) of the mass revealed as suppurative inflammation with bacterial sepsis, excessive mucus production, mucus casts, and reactive epithelial hyperplasia. It was believed that these results were representative of changes in superficial tissues, and that an underlying lesion was likely present but was not represented by the acquired sample.
The owner elected not to pursue further diagnostic procedures until after the mare had foaled. Recommendations were made to apply sterile ophthalmic lubricant to the right cornea several times daily for protection against exposure keratitis and to return for reexamination after the mare had foaled.
The mare was presented for reexamination at the UMC VMTH 9 weeks later, approximately 6 weeks after foaling. Novel physical examination findings at this time included enlargement of the mandibular lymph nodes and development of a mucopurulent ocular discharge from the right eye. Results of CBC and serum biochemistry values were essentially unchanged from the first examination. Ophthalmologic findings were also unchanged with the exceptions of a significant reduction in the ability to retropulse the right eye and a normal intraocular pressure in this eye (21 mm Hg). Radiography revealed that the opacity of the mass had increased compared with the initial images. The mass was characterized as a soft-tissue density with distinct and smoothly contoured borders. It appeared multilobulated, occupied the caudal compartment of the right maxillary sinus rostral to the right ethmoturbinates and dorsal to the roots of teeth 110 and 111, and extended somewhat into the right frontal sinus (Fig. 3 ). The radiographic appearance of the mass failed to allow differentiation between a diagnosis of neoplasia, fungal granuloma, hematoma, cyst, or abscess.
Repeated ultrasonographic examination of the right eye and retrobulbar structures, performed using a transpalpebral technique and a 5-MHz sector probe, revealed a focal mass of mixed echogenicity caudal to the globe, measuring 3.28 cm rostrocaudally and 5.19 cm in width ( Fig. 4 ). There was no evidence of disruption of surrounding bone. The ultrasonographic appearance of the mass was characterized by multiple hyperechoic foci, and there was acoustic shadowing distal to the mass. These findings led to the conclusion that the mass contained either bone or air (or both), consistent with a neoplastic mass, an abscess, or a fungal granuloma.
Several FNAs obtained from the enlarged mandibular lymph nodes revealed a prominent number of immature lymphoid cells and plasma cells. These changes were interpreted as reactive lymph node hyperplasia; there was no evidence of neoplasia. A repeated endoscopic examination of the nasal passages showed persistence of the tumor, with continued occlusion of the lumen of the right nasal passage. The tumor was judged (subjectively) to be somewhat enlarged in comparison with the previous endoscopic examination.
After tranquilization using xylazine hydrochloride (250 mg, IV), access to the caudal compartment of the right maxillary sinus was achieved using a 1-cm bone trephine, as described elsewhere. 22 A bony, multilobulated mass occupied the greater part of the lumen of this sinus cavity. A representative specimen of the mass was obtained using a 7mm pituitary rongeur. The trephine site was left to heal by second intent. The tissue was processed routinely, sectioned at 5 m, stained with hematoxylin and eosin (HE), and examined by light microscopy. Histologically, the tissue was composed of dense fibrous tissue containing isolated spicules of woven bone. The fibrous tissue contained multifocal inflammatory cell infiltrates, which varied from lymphocytes and plasma cells to neutrophils and macrophages ( Fig. 5 ). There were additional perivascular accumulations of lymphocytes and plasma cells. Sections stained with Grocott methenamine silver were negative for fungal agents. A diagnosis of fibrosing, lymphoplasmacytic, and pyogranulomatous sinusitis was rendered with the caveat that ossifying fibroma, paranasal osteoma, and osteosarcoma could not be ruled out.
Although the results of the second examination still did not afford a definitive diagnosis, several findings were suggestive of a progressive process. These included the development of a mucopurulent discharge from the right eye, enlargement of the mandibular lymph nodes, and enhanced visibility of the mass using both radiography and ultrasonography. An abscess was considered unlikely because the mare had been afebrile, the neutrophil count was within the reference range, and the plasma fibrinogen concentration was not elevated. In light of these values, the persistent hyperproteinemia (particularly hyperglobulinemia) was thought to result from both tumor-associated inflammation (given the substantial histopathological evidence of inflammation) and sinusitis resulting from interference with paranasal sinus drainage by the tumor. Moreover, the ultrasonographic ap-pearance of the mass was more consistent with neoplasia than an abscess, cyst, or hematoma because of the presence of multiple hyperechoic regions within the mass. This finding has been associated specifically with bony tumors and may be attributed to either calcification or bony tissue within the mass itself (Reef VB, Proc 20th Ann For Am Coll Vet Int Med, 2002). In addition, a fluid-filled structure such as an abscess, cyst, or hematoma is expected to produce distal acoustic enhancement, which was not identified in this case. In light of these findings, the owners were unwilling to pursue any further diagnostic tests or treatment, and the mare was subjected to euthanasia and a postmortem examination.
At necropsy, sagittal midline sectioning of the skull revealed a pale tan, floriform, firm mass occupying substantial portions of the right and left caudal maxillary and conchofrontal sinuses (Fig. 6 ). The mass predominantly occupied the right paranasal sinuses and was 15 cm at its widest point. It extended laterally to the right maxillary bone and 3 cm left of sagittal midline and also occupied the retrobulbar space of the right eye (resulting in exophthalmia). There did not appear to be any extension into the ethmoid turbinates. Within the mass were multiple, smaller white masses of bonelike consistency, ranging from 0.2 to 1.0 cm in diameter. The surrounding sinuses contained a pale yellow, mucinous material, either free flowing or within cystic structures ( Fig.  7) .
Histologic examination of the mass revealed multiple islands of woven bone separated by dense fibrous connective tissue and a mucinoid matrix. Within these islands, the bony trabeculae were separated by loose mesenchymal tissue ( Fig.  8 ). Occasional multinucleate giant cells were identified within the islands of woven bone. Variably sized foci of inflammatory cells, mostly plasma cells, were randomly dispersed throughout multiple examined sections ( Fig. 9) . A portion of the mass that was composed of bony trabeculae was bordered by poorly differentiated periosteum. This periosteum was composed of a band of mildly condensed fibrous tissue of varying width that contained scattered spindle cells (osteoprogenitor cells) ( Fig. 10 ). This area also contained numerous bony trabeculae and was surrounded by connective tissue whose fibrillar collagenous component had been re- placed with adipose tissue that contained islands of woven bone. The histopathological diagnosis was osteoma.
Invasion of the orbit by an expanding or infiltrating paranasal sinus tumor may be attained from the frontal, ethmoidal or, as in this case, maxillary sinuses. 6, 11 As the tumor progresses, there may be destruction of conchal and ethmoidal bones, as well as the maxillary septum (the structure that divides the rostral and caudal compartments of the maxillary sinus). 6, 11 Bony remodeling may also lead to compression of blood vessel or nerves (or both). 11 The most common presenting signs of paranasal sinus tumors in horses include ocular or periocular swelling and epiphora or ocular discharge (due to obstruction of the nasolacrimal duct as it passes through the maxillary sinus or rostral aspect of the nasal cavity), 11 both represented by this case. Less common-ly, paranasal sinus tumors may present with neurological signs as a result of damage to cranial nerves or local invasion into the calvarium. 6 Signs of neurological dysfunction were not evident in this mare.
With the exception of progressive ethmoidal hematomas, which have not been reported to affect the retrobulbar site, tumors of the equine orbit, 1,2,5,6,10 nasal passages, and paranasal sinuses 12 are uncommon. Retrobulbar tumors reported in the horse include carinoma of neuroepithelial origin 10 , melanoma 22 , meningioma 2 , neuroepithelial tumor of the optic nerve 3 , and granulocytic surcoma 13 . They are usually slow growing and nonpainful, with ocular complications arising primarily from exophthalmos (secondary lagophthalmos and exposure keratitis). 8 The mare in this report demonstrated several clinical signs that were strongly implicative of a retrobulbar mass. There was shallowing of the supraorbital fossa, decreased retropulsion of the globe, and atrophy of the optic nerve, 8 all attributable to the space-occupying nature of the mass and the resulting pressure exerted on the globe. Additional clinical signs (not evident in this case) that have been reported in similar situations include periorbital swelling, third eyelid protrusion, conjunctival inflammation, strabismus, and impaired or absent vision resulting from involvement of the optic nerve. 8 Specific primary orbital neoplasia reported in horses include undifferentiated adenocarcinoma, 15 lipoma, 15 medulloepithelioma, 4 and multilobular osteoma (chondroma rodens). 18 Local extension to the orbit from the periorbital region can occur with squamous cell carcinomas. Tumor extension from the nasal passages and paranasal sinuses, as described in this case, has also been reported with carcinomas 16 and an adenocarcinoma. 6 Osteomas are benign tumors more commonly recognized in horses and cattle than in other domestic species (although generally considered to be uncommon). 17 In horses and cattle, relatively large tumors (more than 14 cm in diameter) have been reported. 17 Although it has been suggested that most osteomas have likely been present since birth, resulting clinical signs may not be evident for several years 11 and are related to the specific location at which the tumor develops within the skull. Multilobular osteomas are the form of osteomas (of the head) that are commonly seen in dogs, 17 and this lesion has recently been suggested to be a form of multilobular osteochondrosarcoma. 7 To the authors' knowledge, there has been only 1 other report of a multilobular paranasal sinus osteoma in a horse. 18 This case presented with similar clinical signs but was less extensive and successfully removed by 2 surgical approaches. 18 Macroscopically, osteomas are unicentric (monostotic), smooth-contoured masses that grow slowly by expansion and exert pressure on the surrounding normal bones, which consequently undergo pressure resorption. 11 As exemplified by the endoscopic examination and radiographs in this case, osteomas typically have evenly contoured surfaces, which are often mucoid in the case of osteomas of the nasal cavity. 17 Histologically, osteomas have a variety of appearances, many of which are related to their stage of development. They are formed of cancellous bone initially but become increasingly compact over time. Between bony trabeculae are soft tissue spaces that contain blood vessels, spindle cells, and a moderately fibrillar connective tissue matrix. 17 Based on the histopathologic appearance of the tumor obtained postmortem in this case, it was considered to be a relatively unstructured osteoma. Such osteomas have been reported to possess a periosteal covering that is poorly differentiated and trabeculae largely composed of woven bone. 17 The mucoid appearance of this tumor's matrix was consistent with that reported with nasal osteomas in particular. 17 Of particular interest in this case were the inconsistent results obtained from the 3 types of biopsies performed. Fine-needle aspirate results were suggestive of inflammation and were believed to be indicative of changes in superficial tissues. This may be a consequence of the floriform shape of the mass, with the lobules providing an extensive and redundant epithelial surface area. There was discrepancy between the histopathology results of the antemortem biopsy (obtained using bone trephination) and the postmortem tissue samples (obtained 1 day later). This discrepancy may be explained by the potential for heterogeneity within individual osteomas. In addition, osteomas, or possibly portions of osteomas, are known to deviate from described patterns. 17 In this case, trephination of the maxillary sinus was elected as a practical means of obtaining a biopsy. However, in retrospect it is evident that the sample obtained represented merely a portion of 1 lobule of a heterogeneic mass that was composed of at least 5 distinct lobules. The tissue of this sample appeared to be undergoing increased inflammatory activity in relation to the more caudal and ventral portions, thus leading to the tentative diagnosis of sinusitis. However, histopathological diagnosis of fibrous dystrophy, osteoma, ossifying fibroma, and osteosarcoma could not be ruled out because parts of the specimen contained fibrous tissue with isolated spicules of woven bone.
Osteoma and ossifying fibroma (both benign tumors) and fibrous dystrophy (not a true bony neoplasm) all arise primarily from membranous bones 17 and consequently all contain bony trabeculae. When adequate tissue is available for examination, diagnosis of fibrous dystrophy is based on characteristically prominent fibrovascular stroma that separates curved, equidistant trabeculae of poorly differentiated bone. Osteomas differ in that they are characterized by dense accumulations of cancellous or compact bone, with less prominent fibrous and vascular tissue. Ossifying fibromas are intermediate in their vascularity, with an increased density of cells and fibers between bony trabeculae in relation to osteomas. 17 Osteosarcomas may share some features with the benign bony tumors (a matrix of fibrous tissue, the presence of woven bone) and may also be highly variable in their appearance. However, definitive diagnosis of osteosarcoma depends on the production of osteoid or bone (or both) by malignant mesenchymal cells. 17 The use of computed tomography for the diagnosis and characterization of skull neoplasia in horses is very sensitive but requires both specialized equipment and general anesthesia. Computed tomography has recently been used for the diagnosis of metastatic adenocarcinoma in a horse presented with exophthalmia and multiple cranial nerve deficits. 6 Surgical resection has been variably successful in the management of minor paranasal sinus osteomas in horses. 19, 20 Paranasal osteomas tend to occupy regions for which surgical access is limited and vascularization is rich, leading to the risk of profuse intraoperative hemorrhage and incomplete resection. 11 In the future, equine paranasal sinus osteomas may be treated using systemic samarium-153-EDTMP radiotherapy. Although this treatment has not yet been thoroughly evaluated for horses, it has shown promise for the treatment of similarly challenging human 9 and canine 14 bone cancer. In conclusion, the diagnosis and treatment of paranasal sinus osteomas represents a challenge for the veterinary practitioner. Paranasal sinus osteoma should be considered in the differential diagnosis of retrobulbar masses lead-ing to exophthalmia and radiographically evident paranasal sinus disease in adult horses. Ultrasonography is helpful for the detection of retrobulbar masses that cause exophthalmia. The histopathological features of a superficial biopsy of a bony paranasal sinus tumor may not yield a definitive diagnosis, but paranasal sinus osteoma should be considered when dense fibrous tissues containing isolated spicules of woven bone and interspersed inflammatory cells are identified in biopsy specimens obtained from suspected cases. J Vet Diagn Invest 16:160-163 (2004) Placental teratocarcinoma in a mare with possible metastasis to the foal Neil Allison, Robert B. Moeller Jr., Robert Duncan Abstract. A teratocarcinoma was diagnosed in the amnion of a 5-year-old Arabian mare that delivered a healthy, full-term foal. The foal died at 2.5 months of age as a result of metastasis of an undifferentiated component of the mass. This case is unique because it is the first reported case of placental teratocarcinoma in animals and the malignant component apparently metastasized to the foal resulting in its death.
Teratoma is a neoplasm composed of 2 or more germ layers and displays progressive autonomous growth. 11, 12 Embryonal carcinoma is a malignant neoplasm composed of cells morphologically indistinguishable from embryonic cells of the inner cell mass of blastocysts. 5 Teratocarcinoma (malignant teratoma) is a teratoma that has both mature and embryonal carcinoma elements. 5, 10, 15 Teratocarcinomas are extremely rare in domestic animals. 2, 7, [11] [12] [13] [14] [15] Ovarian teratomas are believed to be parthenogenetic neoplasms that develop from a single germ cell that has completed the first meiotic division. 9,10 Cytogenetic and biochemical studies have shown that human ovarian teratoma cells have a normal XX karyotype but are homozygous at chromosomal loci for which the host is heterozygous. 3, 5, 7 This is best explained by the origin of teratomas from a single germ
